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Background: Evidence, mainly from cross-sectional studies, suggests that physical activity is a
potentially important modifıable factor associated with physical performance and strength in older
age. It is unclear whether the benefıts of physical activity accumulate across life or whether there are
sensitive periods when physical activity is more influential.
Purpose: To examine the associations of leisure-time physical activity across adulthood with
physical performance and strength in midlife, and to test whether there are cumulative benefıts of
physical activity.
Methods: Using data on approximately 2400 men and women from the UK Medical Research
Council National Survey of Health and Development, followed up since birth in March 1946, the
associations of physical activity levels during leisure time self-reported prospectively at ages 36, 43,
and 53 years with grip strength, standing balance, and chair rise times, assessed by nurses at age 53
years (in 1999), were examined in 2010.
Results: There were independent positive effects of physical activity at all three ages on chair rise
performance, and at ages 43 and 53 years on standing balance performance, even after adjusting for
covariates. These results were supported by evidence of cumulative effects found when using
structured life course models. Physical activity and grip strength were not associated in women and,
in men, only physical activity at age 53 years was associated with grip strength.
Conclusions: There are cumulative benefıts of physical activity across adulthood on physical
performance in midlife. Increased activity should be promoted early in adulthood to ensure the
maintenance of physical performance in later life.
(Am J Prev Med 2011;41(4):376–384) © 2011 American Journal of Preventive Medicinet
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tIntroduction
Maintaining physical performance and musclestrength with age is important given that lowerlevels in older populations are associated with
ncreased risk of subsequent health problems, loss of in-
ependence, and shorter survival times.1–3 As the global
population ages, there is a growing need to identify mod-
ifıable factors across life that influence physical perfor-
mance and strength in later life. Such factors may influ-
ence the peak achieved in earlier life or the timing and
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376 Am J Prev Med 2011;41(4):376–384 © 2011 Amerrate of subsequent decline.4,5 It is therefore necessary to
elucidate whether the effects of these factors accumulate
across life or aremore influential during sensitive periods
when intervention to maintain or improve performance
and strength is likely to be most benefıcial.
Observational and intervention studies suggest that
physical activity is a potentially important modifıable
factor associated with physical performance and strength
in older age.6–18 However, many of the existing observa-
ional studies are cross-sectional, so fındings could be ex-
lained by reverse causality. In addition, few studies have
xamined the effect of physical activity earlier in life on
hysical performance and strength inmid to late adulthood
nd those that have are limited by the retrospective ascer-
ainment of prior physical activity levels.12 It is therefore
unclear whether the benefıcial effects of physical activity
accumulate over life or whether there are sensitive periods
when physical activity is more benefıcial.
ican Journal of Preventive Medicine • Published by Elsevier Inc.
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OUsing data from a British birth cohort, the aim of the
present study was to examine whether leisure-time
physical activity levels at three ages across adulthood
were associated with physical performance and
strength in midlife. Another aim was to examine
whether there was evidence of cumulative benefıts of
physical activity across adulthood or of sensitive peri-
ods when the impact of physical activity was greater
than during other periods.
Methods
The Medical Research Council National Survey of Health and
Development (NSHD) is a socially stratifıed sample of all births
that occurred during 1 week in March 1946 across England, Scot-
land, and Wales. This cohort of 5362 men and women has been
followed up prospectively over 20 times across life from birth
onwards. In 1999,when study participantswere aged 53 years, 3035
were contacted successfully, of whom 2984 received a home visit
from a nurse and 2956 successfully completed at least one of the
physical performance or strength tests. Of those 2327 participants
not successfully contacted in 1999, a total of 469 had died (8.7% of
the original cohort); 948 had refused to participate (17.7%); 580
were abroad (10.8%); and 330 could not be traced (6.2%).19 The
urvey collects data onmany aspects of health and lifestyle, includ-
ng physical activity. The data collection in 1999 received ethical
pproval from the UK Multicentre Research Ethics Committee
MREC), and informed consent was given by participants to each
et of questions and measures undertaken.
Ascertainment of Physical Performance and Strength
Physical performance and strength were assessed during the home
visits at age 53 years using three objective measures: grip strength,
chair rises, and standing balance. Trained nurses conducted these
tests using standardized protocols as described elsewhere.20
In summary, grip strength was measured isometrically using an
electronic handgrip dynamometer.21 Two valueswere recorded for
ach hand and the highest were used in analyses. Chair rise time
as measured as the time taken to rise from a sitting to a standing
osition with straight back and legs and then sit down again as fast as
ossible ten times. For high scores to indicate good performance, the
eciprocal of the time taken (multiplied by 100) was used. Standing
alance time was measured as the longest time, up to a maximum of
0 seconds, forwhichparticipants couldmaintain a one-legged stance
n a standard positionwith their eyes closed. The distribution of these
imes was positively skewed and so they were normalized using a
atural logarithm transformation (ln(seconds)).
Ascertainment of Physical Activity Levels
Physical activity levels were ascertained at ages 36, 43, and
53 years during interviews with nurses at the study participants’
homes. Different measures for physical activity were included in
the surveys administered at the respective ages. At age 36 years,
questions were asked about the frequency and duration of par-
ticipation in 27 different leisure-time activities in the preceding
month, based on the Minnesota leisure-time physical activity
questionnaire.22,23 At age 43 years, participation in any sports,
vigorous leisure activities, or exercises and howmanymonths in
the year and how often in these months each of the activities was
ctober 2011one were reported. At age 53 years, participation in any sports,
igorous leisure activities or exercises in study participant’s
pare time, not including getting to and from work, in the past
weeks and the number of occasions on which these activities
ere undertaken was reported. At each age, participants were
ategorized as inactive (reported no participation); moderately
ctive (participated in relevant activities one to four times: in the
reviousmonth at age 36 years, per month at age 43 years, and in
he previous 4 weeks at age 53 years); or most active (partici-
ated in relevant activities fıve or more times: in the previous
onth at age 36 years, per month at age 43 years, and in the
revious 4 weeks at age 53 years).
Covariates
Factors that could confound the main associations were identi-
fıed a priori. Height (cm) and weight (kg) were measured by
nurses during the home visit at age 53 years. Own occupational
class at age 53 years (or if not available, the most recent measure
in adulthood [n74]) was categorized using the Registrar Gen-
eral’s Social Classifıcation into three groups: I or II (high);
IIINMor IIIM (medium); IV orV (low). Educational level attained at
age 26 years was categorized into fıve groups: (1) degree or higher;
(2) A levels, usually attained at age 18 years, or their equivalents;
(3) O levels, usually attained at age 16 years, or their equivalents;
(4) certifıcate of secondary education, clerical course, or equiva-
lent; and (5) none. Health status at age 53 years was coded as a
binary variable and identifıed those who reported being diagnosed
with one ormore of the following health conditions in the previous
10 years: diabetes, cancer, epilepsy, or cardiovascular disease (which
was defıned as having a heart attack or stroke ever, aortic stenosis or
valvular disease in the past 10 years, doctor-diagnosed angina or Rose
angina Grade I or II, or intermittent claudication). Smoking status at
age 53 years was categorized as current, ex, or never smoker.
Statistical Analyses
The associations between physical activity at each age and each of the
physical performance and strengthmeasures were tested usingmulti-
ple linear regressionmodels. In these andall subsequentmodelswhere
there was evidence of an interaction between physical activity and
gender, analyses were stratifıed by gender, but where not, analyses
were gender-adjusted. Models were adjusted for current height and
weight, then also for occupational class, educational level, smoking
status, and health problems and fınally also for physical activity at the
other two ages with this fınal set of adjustments testing the indepen-
dence of the effect of physical activity at each age from the effects of
physical activity at other ages.
In a subsequent stage of analyses, at each of the three ages those
classifıed as inactive were assigned a value of 0, those asmoderately
active a value of 1, and those as most active a value of 2. The scores
from each age were then summed to create a lifetime physical
activity score ranging from 0 (inactive at all three ages) to 6 (most
active at all three ages). The association between this score (catego-
rized into four groups: 0, 1 or 2, 3 or 4, and 5 or 6) and each of the
outcomes was then tested with adjustments made for the same
covariates as in previous models.
Thismodel testedwhether therewere cumulative effects of phys-
ical activity across adulthood, assuming the effects of physical
activity at each of the three ages were the same. To test whether an
accumulation model such as this, an accumulation model that
allows the size of the effect of physical activity at different ages to
378 Cooper et al / Am J Prev Med 2011;41(4):376–384vary or a sensitive periods
model best fıt the data, the
structured approach de-
scribed by Mishra et al.24
then was applied. This in-
volved comparing a series of
nested models representing
the two different accumula-
tion models and a sensitive
period model with a fully sat-
urated model that assumes
that all of the possible trajec-
tories of physical activity
across adulthood are associ-
ated with physical perfor-
mance and strength (Appe-
ndix A, available online at
www.ajpmonline.org). Large
p-values indicate that the
nested model fıts the data as
well as the saturated model
and, therefore, that the hy-
pothesis for the nested
model is supported by the
data. In these analyses,
physical activity at each of
the three ages were entered
separately as linear ordinal
terms with adjustments
made for the same covari-
ates as in previous models.
The analyses presented
are not weighted and are
based on the sample with
complete data on physical ac-
tivity at all three ages, all cova-
riates and at least one of the
outcome measures (n2442).
Analyses were also rerun
(1) with inclusion of sample
weights to allow for the strat-
ifıed sampling design; (2) re-
stricted to the sample who
were inactive at age 53 years;
and (3) on maximum avail-
able samples, but there were
no differences in fındings.
Results
Men were stronger, had
better physical perfor-
mance levels at age 53
years, and were more
likely to be active at ages
36 and 43 years than
women (Table 1). Physi-
Table 1. Characteristics of
STRENGTH AND PHYSICAL PERFOR
AT AGE 53 YEARS (M [SD])
Grip strength (kg)
Chair rise time ((1/s) 100)b
Standing balance time (seconds)c
PHYSICAL ACTIVITY AT AGE
36 years
Inactive
Moderately active
Most active
43 years
Inactive
Moderately active
Most active
53 years
Inactive
Moderately active
Most active
OTHER CHARACTERISTICS AT AGE
Weight (kg; M [SD])
Height (cm; M [SD])
Occupational class
I or II (High)
III (Medium)
IV or V (Low)
Educational level
Degree or higher
A levels or equivalent
O levels or equivalent
CSE, clerical course or equivale
None
Disabling/life-threatening health co
None
One or more
Smoking status
Never
Ex
Current
Note: The sample includes those with d
with sample with missing data on cova
strength measures. A levels are those u
aExcept for grip strength: men11
men1129, women1182
bReciprocal of time taken for 10 cha
ccal activity levels at eachthe sample (N2442), n (%) unless otherwise specified
Men (n1189a) Women (n1253a)
MANCE
47.8 (12.0) 27.8 (8.0)
5.3 (1.7) 5.0 (1.6)
5.5 (2.2) 4.5 (2.0)
363 (30.5) 510 (40.7)
319 (26.8) 309 (24.7)
507 (42.6) 434 (34.6)
562 (47.3) 689 (55.0)
281 (23.6) 290 (23.1)
346 (29.1) 274 (21.9)
555 (46.7) 621 (50.0)
240 (20.2) 210 (16.8)
394 (33.1) 422 (33.7)
53 YEARS
83.5 (13.2) 71.8 (14.3)
174.6 (6.4) 161.7 (5.9)
614 (51.6) 457 (36.5)
458 (38.5) 534 (42.6)
117 (9.8) 262 (20.9)
181 (15.2) 65 (5.2)
341 (28.7) 299 (23.9)
184 (15.5) 327 (26.1)
nt 71 (6.0) 118 (9.4)
412 (34.7) 444 (35.4)
nditions
1058 (89.0) 1104 (88.1)
131 (11.0) 149 (11.9)
426 (35.8) 621 (50.0)
500 (42.1) 356 (28.4)
263 (22.1) 276 (22.0)
ata on covariates (Appendix C, available online at www.ajpmonline.org inlcudes comparison
riates), physical activity at all three ages, and at least one of the physical performance or
sually attained at age 18 years; O levels are those usually attained at age 16 years.
55, women1205; chair rising: men1119, women1171; standing balance:
ir rises  100 (e.g., a value of 5  20 seconds to complete 10 chair rises)
Geometric M and SD
CSE, Certificate of Secondary Education
www.ajpmonline.org
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Oage were strongly associated with levels at the other two
ages (p0.01 from chi-square tests). Eighteen percent of
the study participants were inactive, and 10% were most
active at all three ages.
Physical activity levels at ages 36 and 43 years were not
associated with grip strength (Table 2), and there was no
evidence that these associations differed by gender
(p0.75 and 0.74 from tests of gender interaction, respec-
tively). There was no association between physical activ-
ity at age 53 years and grip strength inwomen, but among
men, those who were active at age 53 years had stronger
grip strength than those who were inactive (p0.01 from
test of gender interaction), and this was maintained after
Table 2. Associations between physical activity levels acr
Physical activity at age n (%) Model
36 years
Inactive 843 (35.7) 0.0
Moderately active 606 (25.7) 0.07 (0.9
Most active 911 (38.6) 0.69 (0.2
p-valuea 0.3
43 years
Inactive 1210 (51.3) 0.0
Moderately active 550 (23.3) 0.55 (0.4
Most active 600 (25.4) 0.47 (0.5
p-valuea 0.4
53 years
Men (n1155)
Inactive 536 (46.4) 0.0
Moderately active 235 (20.4) 3.30 (1.49
Most active 384 (33.3) 2.53 (0.98
p-valuea 0.00
Women (n1205)
Inactive 596 (49.5) 0.0
Moderately active 199 (16.5) 0.16 (1.4
Most active 410 (34.0) 0.67 (0.3
p-valuea 0.3
Note:Model 1: adjusted for gender (if no evidence of gender interaction
EP (own occupation and education), smoking and health problems at
ges (including gender  physical activity at age 53 years interactio
articipated in relevant activities one to four times: in the previous mon
t age 53 years; most active participated in relevant activities five or m
and in the previous 4 weeks at age 53 years
ap-value from likelihood ratio test comparing a model with physica
includedadjustments. When using the structured approach, these e
ctober 2011fındings were confırmed; the only nested model found to
fıt the data as well as the saturated model was that repre-
senting a sensitive period for physical activity at age 53
years among men (p0.98).
There were graded associations between physical
activity levels at all three ages and chair rise perfor-
mance (Table 3) and no evidence of differences in
association by gender (p-values from tests of gender
interaction  0.30). These associations were main-
ained after adjustments. When the effects of physical
ctivity at each of the three ages were adjusted mutu-
lly for each other, the associations of physical activity
t each age were shown to be largely independent of
adulthood and grip strength at age 53 years (n2360)
fference in mean grip strength (kg; 95% CI)
Model 2 Model 3
0.00 0.00
12) 0.02 (1.03, 1.07) 0.24 (1.30, 0.82)
63) 0.64 (0.31, 1.60) 0.25 (0.78, 1.27)
0.33 0.66
0.00 0.00
56) 0.53 (0.48, 1.55) 0.10 (0.95, 1.14)
46) 0.47 (0.53, 1.48) 0.27 (1.36, 0.82)
0.49 0.81
0.00 0.00
1) 3.35 (1.50, 5.20) 3.44 (1.53, 5.34)
8) 2.83 (1.24, 4.42) 2.95 (1.26, 4.64)
0.001 0.001
0.00 0.00
09) 0.30 (1.58, 0.98) 0.30 (1.59, 0.99)
67) 0.59 (0.44, 1.62) 0.54 (0.54, 1.62)
0.34 0.41
djusted model), current height and weight; Model 2: Model 1 plus adult
3 years; Model 3: Model 2 plus physical activity levels at the other two
active  no participation in relevant activities; moderately active 
age 36 years, per month at age 43 years, and in the previous 4 weeks
mes: in the previousmonth at age 36 years, per month at age 43 years,
vity at specified age included to a model with physical activity notoss
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380 Cooper et al / Am J Prev Med 2011;41(4):376–384Physical activity levels at all three ages were positively
associated with standing balance (Table 4), with no evi-
dence of differences in associations by gender (p-values
from tests of gender interaction  0.09; Table 4). These
ssociations were maintained after adjustments. When
he effects of physical activity at each of the three ages
ere adjusted mutually for each other, the associations
ith standing balance performance were maintained for
hysical activity at ages 43 years and 53 years whereas the
ssociation of physical activity at age 36 years with bal-
nce attenuated.
Graded associations of the lifetime physical activity
core with chair rise and standing balance performance
ere found (Table 5) suggesting that the benefıts of physical
ctivity for chair rise and standing balance performance are
umulative across adulthood. This was supported by the
ındings when using the structured approach that showed
hat the only nestedmodels to fıt the data as well as the fully
aturated model were an accumulation model, assuming
Table 3. Associations between physical activity levels acr
(n2290)
Physical activity at age n (%)
Differe
Mode
36 years
Inactive 797 (34.8) 0.
Moderately active 592 (25.9) 0.22 (0.0
Most active 901 (39.3) 0.60 (0.4
p-valuea 0.0
43 years
Inactive 1153 (50.4) 0.
Moderately active 541 (23.6) 0.42 (0.2
Most active 596 (26.0) 0.64 (0.4
p-valuea 0.0
53 years
Inactive 1067 (46.6) 0.
Moderately active 437 (19.1) 0.37 (0.1
Most active 786 (34.3) 0.55 (0.4
p-valuea 0.0
Note: Model 1: adjusted for gender (if no evidence of gender interac
plus adult SEP (own occupation and education), smoking and health
at the other two ages. Inactive  no participation in relevant activities
in the previous month at age 36 years, per month at age 43 years,
in relevant activities five or more times: in the previous month at age
53 years.
ap-value from likelihood ratio test comparing a model with physica
includedimilareffect sizesateachage(p0.48), forchair risesandanccumulationmodel, allowing fordifferences ineffect size at
ach age (p0.23), for standing balance.
Discussion
In a nationally representative British population, evi-
dence was found of cumulative benefıts of physical activ-
ity across adulthood for physical performance in midlife.
These associations were robust to adjustment for a range
of potential confounding factors. Therewas also evidence
to suggest that higher current physical activity levels were
associated with stronger grip strength in men.
The results with respect to physical performance sup-
port other study fındings9,12 and extend the existing lit-
erature by providing evidence of the cumulative benefıts
of physical activity across adulthood. Themost consistent
evidence of a cumulative effect of physical activity was
found in relation to chair rising. This could be due to the
fact that the types of leisure-time physical activity that
NSHD study participants undertake are benefıcial for
adulthood and chair rise performance at age 53 years
in mean reciprocal chair rise time (1/s 100) (95% CI)
Model 2 Model 3
0.00 0.00
9) 0.17 (0.001, 0.34) 0.09 (0.09, 0.26)
5) 0.52 (0.37, 0.68) 0.34 (0.18, 0.51)
0.001 0.001
0.00 0.00
8) 0.37 (0.20, 0.53) 0.26 (0.09, 0.43)
0) 0.56 (0.39, 0.72) 0.35 (0.17, 0.52)
0.001 0.001
0.00 0.00
5) 0.29 (0.10, 0.47) 0.18 (0.01, 0.36)
0) 0.47 (0.32, 0.62) 0.29 (0.13, 0.45)
0.001 0.002
n unadjusted model), current height, and weight; Model 2: Model 1
lems at age 53 years; Model 3: Model 2 plus physical activity levels
derately active  participated in relevant activities one to four times:
the previous 4 weeks at age 53 years; most active  participated
ars, per month at age 43 years, and in the previous 4 weeks at age
vity at specified age included to a model with physical activity notoss
nce
l 1
00
5, 0.3
4, 0.7
01
00
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Ogood performance in the chair rising test. Likewise, high
levels of lifetime physical activity have a positive impact
on cardiorespiratory fıtness,25,26 which is required to suc-
cessfully complete the chair rising test. It is also possible
Table 4. Associations between physical activity levels acr
years (n2311)
Physical activity at age n (%)
D
Mod
36 years
Inactive 822 (35.6) 0
Less active 596 (25.8) 0.10 (0.0
Most active 893 (38.6) 0.21 (0.1
p-valuea 0.
43 years
Inactive 1166 (50.5) 0
Less active 553 (23.9) 0.24 (0.1
Most active 592 (25.6) 0.31 (0.2
p-valuea 0.
53 years
Inactive 1092 (47.3) 0
Less active 435 (18.8) 0.25 (0.1
Most active 784 (33.9) 0.23 (0.1
p-valuea 0.
Note:Model 1: adjusted for gender (if no evidence of gender interaction
SEP (own occupation and education), smoking and health problems at
ages. Inactive no participation in relevant activities; moderately active
t age 36 years, per month at age 43 years, and in the previous 4 we
ore times: in the previous month at age 36 years, per month at age
ap-value from likelihood ratio test comparing a model with physical acti
Table 5. Associations between lifetime physical activity s
Lifetime physical activity score
Chair rise perform
n (%)
Differe
0 396 (17.3)
1–2 749 (32.7) 0
3–4 676 (29.5) 0
5–6 469 (20.5) 0
p-valuea
Note: Effect estimates presented are adjusted for: gender; current heigh
problems at age 53 years
Lifetime physical activity score derived by assigning those classified a
as most active a value of 2 at each age and then summing the valu
of 0 has been categorized as inactive at all three ages, whereas an i
active at all three ages.
ap-value from likelihood ratio test comparing a model with the physical a
ctober 2011that the association operates through body weight; while
the association was maintained after adjustment for cur-
rent weight there could be residual confounding by life-
time weight change. In the NSHD, both standing balance
adulthood and standing balance performance at age 53
nce in mean ln(standing balance time [s]) (95% CI)
Model 2 Model 3
0.00 0.00
.18) 0.05 (0.03, 0.13) 0.01 (0.07, 0.09)
.28) 0.14 (0.07, 0.21) 0.05 (0.02, 0.13)
0.001 0.35
0.00 0.00
.32) 0.19 (0.12, 0.27) 0.16 (0.08, 0.24)
.39) 0.24 (0.16, 0.32) 0.19 (0.11, 0.27)
0.001 0.001
0.00 0.00
.33) 0.17 (0.09, 0.26) 0.13 (0.04, 0.21)
.30) 0.15 (0.08, 0.23) 0.08 (0.01, 0.16)
0.001 0.01
djusted model), current height and weight; Model 2: Model 1 plus adult
3 years; Model 3: Model 2 plus physical activity levels at the other two
rticipated in relevant activities one to four times: in the previous month
t age 53 years; most active  participated in relevant activities five or
ars, and in the previous 4 weeks at age 53 years.
t specified age included to a model with physical activity not included
and physical performance at age 53 years
(n2290) Standing balance (n2311)
in M (1/s 100)
5% CI) n (%)
Difference in M ln(s)
(95% CI)
0.00 416 (18.0) 0.00
0.04, 0.44) 744 (32.2) 0.07 (0.02, 0.16)
0.31, 0.72) 687 (29.7) 0.20 (0.10, 0.29)
0.70, 1.15) 464 (20.1) 0.31 (0.21, 0.42)
0.001 0.001
weight; adult SEP (own occupation and education); smoking; and health
ctive a value of 0, those as moderately active a value of 1, and those
r the three ages whereby an individual with a physical activity score
ual with a physical activity score of 6 has been categorized as mostoss
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382 Cooper et al / Am J Prev Med 2011;41(4):376–384and chair rising ability are more strongly associated than
grip strength with neuromuscular speed and control and
cognitive performance,27 which may be influenced by
lifetime physical activity.
The current study is not the only one to fınd inconsis-
tent evidence of effects of physical activity on strength.11,28
However, some observational studies10,15,16 have found
ssociations between physical activity and grip strength
mong women. The fındings in this paper may be in
ontrast to other studies because of the younger age of the
ample. Differences in fındings could be also due to dif-
erences in the types of activity undertaken.
Intervention studies13,26,29 demonstrating a benefıcial
effect of physical activity on strength have implemented
specifıc training regimes designed to improve strength
and performancewhichmay not be equivalent to the type
of physical activity generally undertaken. These results
suggest that among the NSHD participants, recreational
physical activity of the correct type, intensity, or fre-
quency to benefıcially affect upper body strength, as dem-
onstrated in trials,26 is not being taken suffıciently often
specially among women. Men are more likely than
omen to undertake leisure-time activities such as rac-
uet sports, martial arts, and weight training30 that im-
prove and maintain their upper body strength; this may
explain the gender difference in association that was
found.
A strength of the present study is the prospective col-
lection of information on physical activity at multiple
times across adulthood. Although these measures were
self-reported, they have each been found to be correlated
in expected directions with other health behaviors and
BMI. Further, the Minnesota leisure-time physical activity
questionnaire22onwhich theassessmentat age 36 yearswas
ased was shown to have a high 1-month reliability and
as correlated with a treadmill estimation of oxygen up-
ake and body composition.31 Nonetheless, improve-
ents in objective measures of physical activity will be
eeded to validate these relationships.
Another strength is the availability of objective mea-
ures of physical performance and strength. These are
xpected to be less subject to bias than self-reportedmea-
ures used in some other studies.8 Assessing these out-
omes in midlife makes it less likely that fındings will be
xplained by comorbidities. In older populations, these
re likely to have an impact on physical activity as well as
erformance and strength and to confound associations.
To enable physical activity across adulthood to be ex-
mined, participation in sports, recreational, and leisure-
ime activities was themain explanatory factor selected as
nformation on this had been ascertained at all three ages.
t is acknowledged that this information was not ascer-
ained using the same instrument at each age; however, ahesemeasures are associated. Further, thesemeasures do
ot take into consideration work time, active travel, or
omestic physical activity. However, the amount of activ-
ty that people undertake as part of their daily lives is
ecreasing, and participation in leisure-time activity is
ncreasingly necessary to ensure that the recommended
evels of physical activity are met.32,33 Leisure-time phys-
ical activity is therefore likely to be a reasonably represen-
tative indicator of overall physical activity levels and an
important target for intervention.
The NSHD cohort was established using a sampling
frame that ensured that it was nationally representative of
the population born in England, Scotland, and Wales in
1946. Since then, losses to follow-up due to death, emi-
gration, loss of contact, and permanent refusal have oc-
curred. Despite this, at age 53 years, the sample remained
representative of the national population born at a similar
time in most respects,19,34 and so fındings should be
generalizable to the generation of postwar baby boomers
currently reaching old age. In addition, 514 of the 2956
people with at least one valid outcome measure were
excluded from analyses because of missing data.
When the characteristics of those excluded were com-
pared with those included, there were no differences in
the distributions ofmost key characteristics (Appendix B,
available online atwww.ajpmonline.org).However, those
excluded were more likely to be inactive at age 53 years,
have no educational qualifıcations, and be current smok-
ers than those included. It is not expected that these
differences would introduce substantial bias. There was
also a small proportion of study participants who were
unable to perform one or more of the outcome assess-
ments (grip strength n69, chair rising n154, standing
balance n113). These people were more likely to have
health problems, poorer performance on the other tests,
and a lower educational level (results not shown). Those
people unable to perform the chair rise and standing
balance tests were also more likely to be inactive, so by
excluding these people the associations found may be
weaker than they would have been if these individuals
had been included.
The fındings in relation to chair rising and standing bal-
ance performance suggest that promotion of leisure-time
physical activity across adulthood would have benefıcial ef-
fects on physical performance later in life and hence the
functional health and quality of life of the aging population,
especially as the size of the differences in performance de-
tectedmay be clinically relevant. Promotion of leisure-time
activity is likely to become increasingly important in
younger populations as people’s daily routines become
more sedentary.32 That not all people categorized as most
ctive in the current studywillmeet the recommended level
www.ajpmonline.org
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Oof at least 30minutes ofmoderate-intensity physical activity
fıve times a week32 (e.g., only approximately 35% of people
n the most active group at age 53 years reported this fre-
uency of activity) suggests that only low levels of physical
ctivity need to be achieved for there to be benefıcial effects
n physical performance. Findings in relation to grip
trength suggest that specifıc exercises and activities may
eed to be promoted to ensure that people undertake phys-
cal activity that is benefıcial for upper body strength.
It has been proposed that the associations of physical
erformance and strength with mortality rates and car-
iovascular disease2,3,35 may be explained by the fact that
erformance and strength are acting as markers of life-
ime physical activity.35,36 The results with respect to
hysical performance provide support for this explana-
ion but the fındings with respect to grip strength suggest
hat this is unlikely to fully explain the grip strength–
ortality associations.2
Conclusion
Increased activity should be promoted early in adulthood
to ensure the maintenance of physical performance in
later life. When promoting physical activity, it may be
necessary to encourage people to participate in specifıc
types of activity in order for a benefıcial effect on upper
body strength to be seen.
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